held for 20 min at 230 °C. The injector and detector temperatures were both set at 250 °C, and split ratio at 1:50. Hydrogen was used as carrier gas at 34 kPa. The injection volume was 1 µL of a sample of the essential oil diluted in n-hexane (1:10).
Gas chromatography with mass spectrometer detector analysis was also carried out using a Hewlett Packard 6890/ MSD5973, equipped with software HP-Chemstation and mass spectra library Wiley 275. A capillary column of fused silica was used (HP-Innowax, 30 m × 250 µm, 0.50 µm film thickness). The temperature program was the same used in CG-FID. The interface was set at 280 °C, split ratio 1:100, carrier gas was Helium (56 kPa), flow rate: 1.0 mL/minuto, energy of ionization 70 eV. The injection volume was 0.4 µL of a sample of the essential oil diluted in n-hexane (1:10).
Antimicrobial activity

Bacterial strains
The bacterial strains used to evaluate the antimicrobial activity of the essential oils were Bacillus subtilis ATCC 6633, Enterococcus faecalis ATCC 19433, Micrococcus luteus ATCC 10240, Staphylococcus aureus ATCC 6538, Streptococcus mutans ATCC 25175, Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13883, Salmonella choleraesuis ATCC 10708, Serratia marcescens ATCC 13880, and Shigella flexneri ATCC 12022.
Maintenance of strains
The selected bacteria were previously cultivated in test tubes with 10 mL of liquid medium LB -Luria Bentani (tryptone 10 g.L -1 ; yeast extract 5 g.L -1 ; sodium chloride 5 g.L -1 ) for 24 hours at 37 °C. Next, 1.5 mL glycerol was added, and the total content was distributed in microtubes of 1500 µL reaching a final concentration of 13%. The microtubes were stored at -80 °C.
Antimicrobial screening
Two different methods were applied for the evaluation of the antimicrobial activity: diffusion in disks and minimum inhibitory concentration (MIC) by the method of serial dilution in microplates (NCCLS, 1997).
Disk diffusion method
The pre-inoculum preparation was carried out by the cultivation of bacteria in LB medium, at 30 °C for 24 hours. For the experiments in solid medium, Mueller and Hinton -MH (Merck) medium was poured into Petri dishes and cooled under sterile conditions. An aliquot of 200 µL the pre-inoculum was then added to each Petri dish (approximately 10 8 UFC.mL -1 ) and disks of filter paper (Whatman number 3) with 7 mm diameter were placed on the solid medium: a disk containing 7.5 µL of chloramphenicol, corresponding to 30 µg, an empty disk (without any compound), used as negative indicator, and four disks with 5.0 µL of different essential oils. The Petri dishes were incubated at 36 °C for 24 hours. The mean diameter of popular medicine and many pharmacological studies intended to identify the compounds responsible for their therapeutic effects (KIM; MArSHALL; WeI, 1995; eVANS, 2002; SerAFINI et al., 2002; rADULeSCU; CHILIMeNT; oPreA, 2004; AVATo et al., 2005) .
The chemical characterization and assessment of antimicrobial activity of essential oils of species of the gender Salvia, especially of S. officinalis, are documented in some studies. Its antimicrobial activity against several microorganisms has been recognized for decades and has been attributed to the presence of some major compounds in the essential oil like 1, 8-cineole, β-thujone, camphor, borneol and p-cymene, among others (JASSeN; SCHeFFer; BAerHeIM, 1987; SerAFINI et al., 2002; TePe et al., 2004) .
Although the ability of some sage species to biosynthesize substances is of interest to food and pharmaceutical industry, to our knowledge, almost all studies available in the literature are restricted to only one of the species S. officinalis of the genus Salvia. Also, information on the performance comparison of essential oils is not available in the literature. In this context, the aim of this work is to report the chemical composition and antimicrobial activity of S. officinalis, S. sclarea, S. lavandulifolia and S. triloba essential oils against a variety of microorganisms.
Material and methods
Materials
The species S. officinalis 1, S. officinalis 2, S. lavandulifolia, S. sclarea and S. triloba were kindly provided by Feltrin (Farroupilha, rS, Brazil) , by the Center of Investigation and Food Technology of Aragón (CITA, Spain), and by the Institute of Biotechnology of the University of Caxias do Sul (rS, Brazil). The populations were reproduced from cuttings and seeds and cultivated under agronomic field conditions in erechim, rS, Brazil.
Experimental procedure
Extraction of the essential oil
The essential oil was obtained from the aerial flowered part of the plants by hydro-distillation using a glass Clevenger apparatus (FArMACoPÉIA, 1997) . Approximately 50 g of homogenized sample from 10 plants was submitted to hydrodistillation by 1 hour. After the extraction of the essential oil, 0.1 g anhydrous sodium sulfate was added and the samples were preserved in amber flasks at 4 L °C.
Sample analyses
The chemical characterization of the extracts was carried out with a Hewlett Packard gas chromatograph with flame ionization detector (HP-6890 Serialize), column HP-Innowax (30 m × 320 µm, 0.50 µm film thickness), column temperature at 40 ºC for 8 min, followed by a first temperature increase to 180 ºC at 3 ºC/min, then from 180 to 230 ºC at 20 ºC/min, and 81.58% with observed low concentrations of thujones, camphor, and 1,8-cineole. These results agree with those reported by Foray et al. (1999) and Peana; Moretti; Juliano (1999) .
Salvia triloba essential exhibited the same major compounds, although in different concentrations: 22.39% of α-thujone, 9.60% of 1,8-cineol, 9.30% of β-pinene, 7.60% of camphor, 6.71% of borneol, 5.17% of α-humulene, 5.00% of γ-gurjunene, and 3.60% of β-thujone of a total of 83.22% identified compounds. This chemical profile agrees qualitatively with the compounds reported by different authors for S. officinalis oils (SerAFINI; BArroS; AzeVeDo, 2001; VeLICKoVIC et al., 2002; AVATo et al., 2005; DeLAMAre et al., 2007) . SAYeD et al. (2001) found1,8-cineol as the major component of Salvia triloba (concentration higher than 60%) and smaller amounts of α and β-thujone.
The composition of the essential oil of Salvia species, as it usually happens with other medicinal and aromatic plants, is highly influenced by genetic and environmental factors. This composition could vary according to the cultivation area, species, age of the plant, propagation form, methods of drying, and extraction of the essential oil, as well as ecological and genetic factors of the plant (CHANG; CHeN; CHAN, 2001; BAGAMBoULA et al., 2004; DeLAMAre et al., 2007) .
Antimicrobial activity
Disk diffusion method
This method proved that almost all tested bacteria were susceptible to the essential oils of the studied species of sage although the mean inhibition halos were smaller than those obtained with the antibiotic (chloramphenicol) and no significant difference (p < 0.05) was observed between the results. As presented in Table 2 , Serratia marcescens and Enterococcus faecalis were not inhibited by the essential oil of the Salvia triloba.
These results suggest that this evaluation technique can be used as a preliminary step since it is a recognized method and can determine the sensitivity of many microorganisms to certain pharmaceuticals producing semi-quantitative results. on the other hand, some authors affirm that the results obtained with this method are only qualitative and not always reproducible (JANSSeN; SCHeFFer; BAerHeIM, 1987).
The difficulties found in this method are probably related to the volatile nature of the components of the essential oils, which may evaporate during inoculation and incubation. The different abilities of dispersion of the different oils in the culture medium may also contribute to inaccuracies. Therefore, the physicochemical properties of the essential oils will determine their viability as antimicrobial making their evaluation particularly difficult to standardize. However, this remains the most common technique used for the evaluation of antibacterial and antifungal ability of essential oils due to its simplicity and small amounts of sample required (JANSSeN; SCHeFFer; BAerHeIM, 1987; KALeMBA; KUNICKA, 2003).
inhibition halo was measured for each disk using a caliper rule. All experiments were performed in triplicate.
Determination of minimum inhibitory concentration (MIC)
Minimum inhibitory concentrations (MIC) were determined by the evaluation of growth by optical density. Microtubes were filled with 9.25, 6.93, 4.62, 3.42, 2.87, 2.31, 1.57, 0.925, and 0 mg.mL -1 of essential oil dispersed in 1% dimethyl sulphoxide (DMSo), 10 µL of the pre-inoculum (approximately 10 8 UFC .mL -1 ) and enough culture medium for 1200 µL of suspension. After agitation, 100 µL of each suspension was poured into the microplate. Samples were analyzed in spectrophotometer at 490 nm immediately after inoculation (t = 0 h).
The microtubes with the different concentrations of essential oil were continuously agitated at 30 °C for 24 hours. After this period, 100 µL of each concentration was poured into a microplate and the absorbance was read in a spectrophotometer (t = 24 h). The MIC was determined based on the difference between the second (24 h) and first (0 h) readings of the microplates in relation to the concentrations of the essential oils. All analyses were carried out aseptically in triplicate.
Results and discussion
Chemical composition of the essential oils
As shown in Table 1 , the essential oils of S. officinalis 1 and 2 presented as major compounds, respectively, α-thujone (40.37 and 42.97%), camphor (15.78 and 13.00%), 1,8-cineole (8.07 and 7.54%), and β-thujone (8.12 and 5.86%) and β-pinene (5.06 and 3.27%) of a total of 96.62 and 90.38% of the identified compounds. The other compounds were identified in trace concentrations. For the case of S. sclarea essential oil, the major compounds found were linalol, linalyl acetate, and α-terpineol, which also corroborate literature data (BArATTA et al., 1998a; ALQUezAr, 2003; KALeMBA; KUNICKA, 2003; BAGAMBoULA et al., 2004) .
The main oil components (90.22%) of S. lavandulifolia were β-thujone (19.96%), camphor (18.97%), α-thujone (18.95%), 1,8-cineole (8.13%), and β-pinene (3,96%). Savelev et al. (SAVeLeV et al., 2003) also reported borneol, α-pinene, bornyl acetate, linalool, and caryophyllene oxide as main compounds in this species. However, in the present work, these compounds were found only in small concentrations of 1.21%, 0.43%, and traces (Tr), respectively. Linalool was found in a concentration below 0.01% and caryophyllene oxide was not detected (ND). Alquezar (2003) did not verify the presence of α and β-thujone in the oil of S. lavandulifolia, while the concentration of 1,8-cineole found by the author was similar to that observed in the present work.
The essential oil of S. sclarea was the only species that showed a different composition, linalool (29.36%), linalyl acetate (18.35%), and α-terpineol (11.18%) of all identified peaks of 
Determination of minimum inhibitory concentration (MIC)
The comparison of mean optical densities by Duncan test at 5% (Figure 1 ) and the comparison of antimicrobial activities between Gram-negatives and Gram-positives (Table 3) show that all microorganisms were susceptible to the essential oils of the investigated sage species. The highest MIC was observed in Gram-negative bacteria treated with the essential oil of S. triloba (8.32 mg.mL The results obtained in this work demonstrate that Grampositive bacteria tend to be more sensitive to the essential oils than Gram-negative ones. Some authors report that this is common for essential oils of plants of the Lamiaceae family (SHAPIro; MeIer; GUGGeNHeIM, 1994; HAMMer; CArSoN; rILeY, 1999) . However, this relation should not be used to define the antimicrobial activity, and thus each case should be carefully evaluated. When observing the results for S. officinalis 1, one can note that the Micrococcus luteus presented the highest MIC (6.93 mg.mL The lower susceptibility of Gram-negative bacteria to the essential oils may be explained in terms of diffusion limitations of essential compounds through their external membrane caused by the presence of a hydrophilic barrier. Although this barrier is not totally impermeable, it hinders the transport of macromolecules and hydrophobic components (HeLANDer et al., 1998; VeLICKoVIC et al., 2002; KALeMBA; KUNICKA, 2003; BAGAMBoULA et al., 2004; TePe et al., 2004) .
The probable mechanisms of action of the essential oils, mainly in Gram-positive microorganisms, is based on the direct 
Shigella exneri × S. lavandulifolia
Essential oil concentration (mg.mL contact of their hydrophobic compounds with the phospholipids of the cellular membrane, which might cause the structural damage or complete rupture of the cellular membranes, losses of nutrients, chemostatic control, and interference in the respiration system. They can also prevent the contact of human cells or food surfaces with the hydrophilic cells of growing microorganisms (SVoBoDA; DeANS, 1995; BArATTA et al., 1998a; BArATTA et al., 1998b; CoX et al., 2000; KALeMBA; KUNICKA, 2003; BAGAMBoULA et al., 2004) .
The MIC observed for Bacillus subtillis was 3.42 mg.ml -1 for the essential oils of S. officinalis 1 and 2, a value greater than that reported by Delamare et al. (2007) Some MIC values found in the present investigation were lower than those usually found in the literature indicating a probable connection with the fact that the suspensions used to determine the MIC were maintained under agitation for 24 h, increasing the contact surface between the essential oil and the microorganism.
Comparing these results with those obtained by the disk diffusion method, it should be noticed that the relation between the results is not always absolute. However, both methods showed high sensitivity to the Gram-positive bacteria, suggesting the possibility of using the disk diffusion method as an initial evaluation of the potential antimicrobial activity of the essential oils. However, this method should be used with caution due to factors involved in such evaluations.
The qualitative and quantitative chemical differences did not present any relation with the antimicrobial activity, indicating that the synergism of different compounds is most probably related to this activity than the presence of some specific compounds. The synergism among the major and minor compounds should be taken into account since they increase the effect of the antimicrobial activity of the essential oils (SAVeLeV et al., 2003; DeLAMAre et al., 2007) . In contrast, some authors attribute the activity of the essential oils of species of sage to certain chemical compounds, such as 1,8-cineole, camphor, α -and β-thujone, borneol, and p-cymene, among others (JALSeNJAK; PeLJNAJK; KUSTrAK, 1987; JANSSeN; SCHeFFer; BAerHeIM, 1987; rADULeSCU; CHILIMeNT; oPreA, 2004; TePe et al., 2004) . The findings of this work demonstrate that the essential oil of S. sclarea has greater antimicrobial action against the Gram-negative bacteria than the other essential oils tested.
Conclusions
The essential oils of S. officinalis, S. sclarea, S. lavandulifolia and S. triloba were chemically analyzed and their antimicrobial activity was determined. regarding the chemical analysis, the major compounds identified were α -and β-thujone, camphor, and 1,8-cineole, except for S. sclarea (linalool, linalyl acetate and α-terpineol). It was observed that Gram-positive microorganisms presented larger sensitivity for the essential oils. The lowest MIC was observed when Staphylococcus aureus was exposed to 2.31 mg.ml -1 of S. lavandulifolia essential oil, while the highest MIC value was obtained when Shigella flexneri was exposed to 9.25 mg.ml -1 of the same essential oil. The present investigation demonstrates that these essential oils may be effective as bacteriostatic agents against Gram-positive microorganisms.
